Data mining was used to investigate two facts: that African Americans represent 15% of the population but 38% of patients needing treatment in a hospital emergency room for shortness of breath and that African Americans have extremely high rates of lung cancer while reporting lower rates of cigarette smoke and exposure to toxic chemicals. Geographic Information Systems (GIS) containing locations of businesses that release toxic chemicals were combined with information concerning patient treatment and outcomes for shortness of breath. It was determined that African Americans routinely under-report exposure, and this under-reporting can result in reduced treatment options.
Introduction
This paper discusses the statistical methodology needed to combine environmental data with medical data by providing a specific example to investigate the relationship between environmental factors and the need for treatment of lung problems. Data collected in three clinical studies were examined to determine patient needs and patient screening. The environmental information is stored in a Geographic Information System (GIS). The GIS can create maps linking medical data to environmental location to examine patterns and relationships in the data. To properly analyze the data, data mining tools must be used. Multiple levels of environmental factors combined with multiple patient factors add a level of complexity to the data that cannot be examined using standard statistical methods. Only data mining tools, designed to work with large, complex databases can examine the combined datasets.
The GIS is a potent tool that has been under-utilized in medical studies. These studies indicate the potential of the GIS to investigate the relationship between environmental factors and the incidence of cancer. By using the GIS, it is possible to superimpose layers of environmental information. Each layer can be related to different environmental substances. Each value at a particular map point can be used as an explanatory variable in statistical models.
The primary finding in this study is that African Americans proportionally use the ER for treatment of shortness of air while routinely under-reporting exposure to cigarettes and other environmental factors. This under-reporting can contribute to less than optimal care in treatment for the African American population. In addition, patients at high risk in the ER for hospital admission because of shortness of air can be identified. This study also demonstrated the feasibility of using GIS in conjunction with patient data for determining risk factors, exposures, and demographic information in order to define populations at risk for disease.
Clinical Database 1
The first dataset was collected to examine the efficacy of a new protocol in treating patients in the hospital emergency for shortness of air. The asthma data set has 1352 subjects and 126 variables. It contains the basic demographics for each patient, that is, age, race, height, weight, and the symptoms presented when the patient first came to the emergency room, as well as the emergency room diagnosis, and whether the patient was admitted to the hospital after ER treatment. A total of 460 out of 1206 patients reported are African Americans (38.14%, Figure 1 ), while 746 are Caucasians (61.86%). Note that the percentage of African Americans is substantially above the percentage residing in Louisville and Jefferson County (18%) Kentucky. The number of patients from other racial and ethnic groups was too small to be considered. Note that African Americans are far more likely to have a diagnosis of asthma than chronic obstructive pulmonary disease (COPD). COPD is strongly related to smoking, whereas asthma has many different causes. Patients in the ER are assigned a level (1-3) by ER personnel to denote the severity of the shortness of air. African Americans have a slightly higher level of severity when examined in the emergency room, but the result is not statistically significant. African Americans are less likely to be admitted to the hospital from the emergency room and (41% versus 55%, p<0.0001).
The proximity to sites that release toxic substances was investigated using the minimal distance to any such site ( Figure 2 ). The distance is given in miles 
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Note that African Americans overall have a similar proximity to toxic release compared to Caucasians while Asians are more distant. Overall, African Americans reported lower numbers of packyears than did Caucasians. This could be a problem in underreporting or simply that African Americans smoke less ( Figure 3 ). Interestingly, each patient chart had some text comments provided by the nursing staff. These were analyzed and clustered. (Figure 4 ). There is one cluster that has much lower proximity to toxic release compared to the other clusters. It is clear from reading the text notes that these patients are the ones with very severe co-morbidities. 
Clinical Database 2
Data from a study involving lung cancer screening was used to examine COPD (chronic obstructive pulmonary disease). Although 10.5% of the population recruited for the study were African American, only 3.5% were eligible for the study. There was a statistically significant difference in the two populations as noted in a second study of lung cancer that enrolled 1000 subjects after screening more than 3,545 for eligibility. It is interesting to note that African Americans reported smoking fewer cigarettes than did Caucasians (Figure 3 ).
In addition, only 8% of African Americans applying for enrollment into the lung cancer study reported emphysema compared to 15% of Caucasians who reported emphysema, although the rate of chronic bronchitis was 22.71% for both groups. The rate of asthma among African Americans applying for the screening study was 18% compared to 14% for Caucasians.
Analysis and GIS
Geographical Information System
At most, a handful of publications use theGIS tool in epidemiological studies of cancer. [1] [2] [3] [4] [5] [6] [7] [8] These few studies give an indication of the potential of GIS as a tool to investigate the relationship of environmental factors to the incidence of cancer. 9 With the GIS, it is possible to superimpose layers of information. Each value at a particular map point can be used as an explanatory variable in statistical models. 10
Statistical Methods
Little has been written concerning specific statistical methodologies to be used in conjunction with GIS. 3 Much of the analyses have focused on correlations and autoregressions. [1] [2] [3] [4] [5] [6] [7] [8] However, there are statistical techniques developed with the express purpose of determining patterns in large datasets and examining causal flow from pollutant to asthma. Many of the tools used to examine spatial images in radiology can also be used to examine spatial images generated through GIS because they share many common characteristics. [11] [12] [13] [14] Three data mining methodologies were applied to the data: neural network analysis, 15 cluster analysis 16 , and kernel density estimation.
The X,Y coordinates identify the point location of objects. These coordinates can be used along with attribute variables to analyze data.
The initial cluster analysis done on the data failed because the addresses were too scattered. The database included patients visiting from out-of-town who had an asthma emergency. This caused the clusters to be too scattered to be of any real value.
A second analysis was done restricting the patient base to the local area. Different numbers of clusters were used; a maximum number of 150 was found to optimize outcomes ( Figure 5 ).
Figure 5. GIS Map Indicating Locations of Environmentally Hazardous Sites
In addition to the cluster analysis, a neural network analysis was done to determine whether the patient addresses in the vicinity of waste site could predict the level of patient risk asthma (while accounting for individual diagnosis). The result of the neural network was a 32% misclassification rate; 40% for a decision tree, and 50% for logistic regression. It needs to be improved.
Note that the cluster areas that have the largest proportion of hazardous waste sites are in the northwest area of Jefferson County, an area with a large population of African Americans. African Americans report a lower exposure to hazardous materials with a higher proportion not knowing their exposure (Table  1) . Note that 31% of African Americans do not know whether they were exposed to asbestos compared to 22% of Caucasians. Similarly, Caucasians report almost five times as much exposure to coal compared to African Americans. Therefore, it appears that underreporting in the African American Community is general in terms of exposure to environmental hazards, including cigarettes. Since most models that predict risk depend upon accurate patient information, African Americans will generally be perceived as having lower risk than they actually have.
As shown in Figure 5 , toxic sites are concentrated in the West End of Louisville. The population involved in the lung cancer screening study was separated by clusters ( Figure 6 ), with cluster 24 primarily representing African Americans.. The proximity is measured in Figure 7 for Cluster 24. Note that African Americans in cluster 24 are more likely to have close proximity to toxic release than patients who are not African American. However, as Table 1 indicates, the reporting of exposure is similar or lower for African
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Americans. For cluster 24, the reporting is given in Table 2 . In contrast, the proximity in all other clusters to toxic release is not as great, and is more variable. Also, African Americans do not have as pronounced a closer proximity compared to non African Americans.
Cluster 24, with the greatest proportion of African Americans in the Louisville area had a higher rate of smoking than any of the other clusters ( Figure 9 ). However, the African Americans in cluster 24 reported a lower rate of current smoking (58.49%) than did the general Caucasian population in the same cluster ( Figure 10 ). 
Cluster Number Proportion of Current Smokers
For Caucasians in cluster 24, the average number of pack years is equal to 47.47 years compared to 33.36 years reported for African Americans. Under-reporting cigarette use appears to be related to under-reporting exposure to environmental toxins. Figure 5 indicates a higher concentration of toxins in cluster 24 compared to other areas in the local region.
A general tendency to under-report exposure to toxins and exposure to cigarette smoking can result in undertreatment. For clinical trials dealing with public health, it might be necessary to make race-adjusted inclusion/exclusion criteria to account for the underreporting of exposure. 
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This is particularly true of any clinical trial where inclusion/exclusion criteria focus on cigarette smoking, or exposure to toxic chemicals.
Discussion
This application demonstrates how data mining of GIS combined with healthcare outcomes can be effective in modifying clinical research. While many of the data mining techniques have been used to examine GIS data, few have been applied combining GIS information with actual health outcomes. Without demonstrations as to the applicability of the techniques to changing healthcare practice, GIS will not be used often by clinical practitioners.
